Introduction {#sec1}
============

Gastric adenocarcinoma (GA) is the third most common cancer in males (513,600 cases, 9.5% of all cancers) and the fourth most common cancer in females (269,100 cases, 6.5% of the all cancers) worldwide in terms of mortality.[@bib1] The clinical approaches to treat GA vary drastically between oriental and occidental worlds. Almost all of the Western clinical trials of GA failed to prove the advantage of extending lymphadenectomy (D2) compared with perigastric lymphadenectomy (D1) with regard to overall survival (OS), whereas D2 lymphadenectomy is the standard clinical practice strongly recommended in Japan.[@bib2], [@bib3], [@bib4] However, the less-extensive D1 lymphadenectomy is still deemed as the most common surgical management conducted in Western countries.[@bib5]

Eastern and Western communities cannot agree with each other in the clinical setting of adjuvant therapy, either. Postoperative adjuvant chemotherapy leads to disappointing clinical outcomes in Western patients, since many meta-analyses have demonstrated no significant benefit,[@bib6], [@bib7], [@bib8] whereas the Japanese ACTS-GC trial and the Korean CLASSIC trial showed a significant prognostic benefit with adjuvant chemotherapy after D2 resection.[@bib9]^,^[@bib10] Additionally, opposite attitudes were held between Eastern and Western communities toward postoperative adjuvant radiotherapy. The Intergroup 0116 trial randomized GA patients with a tumor size of at least T3, positive lymph nodes, or both to receive radical surgery alone or with postoperative concomitant chemoradiotherapy. OS and relapse-free survival (RFS) data demonstrated continued strong efficacy in the postoperative chemoradiotherapy group, rendering postoperative chemoradiation therapy the standard clinical procedure after R0 resection of GA patients.[@bib11] The Korean ARTIST trial was also implemented to evaluate the efficacy of postoperative chemotherapy, with or without radiotherapy (more than 45 Gy), in GA patients after D2 lymph node dissection. The results indicated that the addition of radiotherapy did not significantly prolong overall disease-free survival (DFS) or OS. However, patients with pathologic lymph nodes seemed to have superior DFS in the radiotherapy group compared with those who received chemotherapy alone.[@bib12] Unfortunately, the advantage was demonstrated to be depressingly controversial in subsequent ARTIST 2 interim analysis, which showed that there was no therapeutic superiority in the SOX (S-1 and oxaliplatin) plus radiotherapy arm compared with the SOX alone arm after complete resection of node-positive GA (ClinicalTrials.gov: [NCT01761461](NCT01761461){#intref0010}). Thus, the Intergroup 0116 trial seemed to open a two-door gate for postoperative adjuvant radiation therapy for GA, and the ARTIST trial closed one door, while the ARTIST 2 trial closed the other one. The seemingly grim prospect of adjuvant radiotherapy implies that a biomarker is greatly needed to efficiently identify the subgroup of GA patients for whom postoperative adjuvant radiotherapy is potentially effective after R0 resection. Unfortunately, no such biomarker has ever been established to solve this problem, leading to a worldwide relentless debate on adjuvant radiotherapy.

DNA methylation is essential in promoting embryo development,[@bib13] aging,[@bib14] and many types of cancer,[@bib15], [@bib16], [@bib17], [@bib18] by interfering with DNA and chromatin molecular structures.[@bib19] Dysregulation of the promoter region has been widely reported to be a pivotal epigenetic event in the process of carcinogenesis, prognostic biomarker discovery, and clinical implementations.[@bib20], [@bib21], [@bib22], [@bib23] *O*6-methylguanine-DNA methyltransferase (MGMT) is a DNA repair protein closely related to drug resistance to alkylating agents in cancer chemotherapy,[@bib24]^,^[@bib25] and the methylation level of the MGMT promoter was reported as the strongest indicator for clinical outcome for temozolomide therapy in glioblastoma.[@bib26] Moreover, the promoter methylation of MGMT has also been extensively found in many other cancer types.[@bib27], [@bib28], [@bib29], [@bib30] Therefore, the proposition is very tempting that the promoter methylation of DNA repair genes might also be a strong biomarker that could effectively identify GA patients who could most likely benefit from adjuvant radiotherapy after R0 resection, since DNA damaging is the major molecular mechanism both adopted by chemotherapy and radiotherapy. In this study, we aimed to establish the correlation between promoter methylation of DNA repair genes and the therapeutic efficacy of adjuvant radiation therapy after R0 resection of GA patients. Notably, a new biomarker, named promoter methylation burden of DNA repair genes (RPMB), is introduced to identify the subgroup of GA patients who might benefit from postoperative adjuvant radiotherapy based on The Cancer Genome Atlas (TCGA) database.

Results {#sec2}
=======

Methylation Levels of DNA Repair Genes Were Significantly Lower Than in Other Genes {#sec2.1}
-----------------------------------------------------------------------------------

We first compared the methylation level of 433 DNA repair genes with that of 433 randomly selected genes 1,000 times. The median value of the methylation level of DNA repair genes was 0.206, which was significantly lower than any other set of randomly selected genes, with all p values \<0.001 (boxplots of 10 random gene sets are presented in [Figure 1](#fig1){ref-type="fig"}A). Additionally, we also compared the methylation levels of DNA repair genes with those in 10 other Gene Ontology (GO) terms, of which the biological processes were critically important in the carcinogenesis process, including immune response, cell death, apoptotic process, angiogenesis, cell migration, cell development, morphogenesis, cell proliferation, secretion, and cell adhesion. The results also indicated that the promoter methylation level of DNA repair genes was significantly lower than in genes within any other biological process (all p values \<0.001, [Figure 1](#fig1){ref-type="fig"}B).Figure 1Comparisons of Methylation Level between DNA Repair Genes and Other Genes(A) Comparison of methylation level between DNA repair genes and other 10 groups of randomly selected genes. (B) Comparison of methylation level between DNA repair genes and those within 10 GO terms.

Patient Characteristics {#sec2.2}
-----------------------

[Table 1](#tbl1){ref-type="table"} shows the demographics and baseline disease characteristics of GA patients included in the analysis. The GA patients were first divided into two groups (low versus high) according to the median value of RPMB, and the interaction between RPMB and clinical characteristics was extensively explored, including age, sex, ethnicity, location, histology, pathological grade, pathological tumor size (pT), pathological lymph node (pN), distant metastasis, microsatellite instability (MSI) status, and *Helicobacter pylori* (HP) infection. The χ^2^ and Fisher's exact tests showed that RPMB was significantly associated with sex, location, grade, and MSI status ([Table 1](#tbl1){ref-type="table"}). Patients with high RPMB tended to be female (Wald χ^2^ = 45.38, p = 1.621 × 10^−11^), with tumors located in the antrum or fundus region (Wald χ^2^ = 20.44, p = 1.379 × 10^−4^), pathological grade 3 (Wald χ^2^ = 14.53, p = 1.380 × 10^−4^), and MSI-H (Wald χ^2^ = 14.53, p = 1.638 × 10^−7^). Other characteristics, including age, ethnicity, histology, pT status, pN status, metastatic disease, and HP infection, were all well balanced between the two groups.Table 1Patient Baseline CharacteristicsCharacteristicsLow RPMBHigh RPMBpAge, years (n = 386)\<701221160.483≥707969Sex (n = 395)Male168911.621 × 10^−11^Female3997Ethnicity (n = 356)Asian41480.169White135118Black or others104Location (n = 385)Antrum66781.379 × 10^−14^Fundus6874Cardia2825Gastroesophageal junction388Histology (n = 393)Intestinal104740.065Diffuse3544Unknown6670Grade (n = 386)G1--G297541.380 × 10^−4^G3103132pT status (n = 395)T11380.345T2--T3142122T45258pN status (n = 388)N^−^58660.187N^+^144120Metastatic disease (n = 376)Yes8150.171No183170MSI status (n = 397)MSS1551151.638 × 10^−7^MSI-H1655MSI-L3620HP infection (n = 188)No99690.778Yes137

Subgroup Analyses of OS and DFS {#sec2.3}
-------------------------------

Forest plots for OS ([Figure 2](#fig2){ref-type="fig"}A) and DFS ([Figure 2](#fig2){ref-type="fig"}B) are illustrated as indicated. As for OS, 320 GA patients had OS information, and the overall hazard ratio (HR) was 0.638 (95% confidence interval \[CI\]: 0.401--1.013, p = 0.057), approximating significance. The subgroups were defined according to stratification factors and other baseline characteristics. The forest plots for OS indicated that almost all of the subgroups favored higher RPMB, except for tumors located at gastroesophageal junction (HR = 1.037, 95% CI: 0.276--3.891, p = 0.957), grade 1--2 (HR = 1.038, 95% CI: 0.508--2.120, p = 0.918), and distant metastatic disease (HR = 1.934, 95% CI: 0.507--7.373, p = 0.334). The subgroups significantly favoring higher RPMB included grade 3 tumors (HR = 0.465, 95% CI: 0.243--0.890, p = 0.021) and non-metastatic disease (HR = 0.537, 95% CI: 0.319--0.902, p = 0.019). As for DFS, data for 145 GA patients were collected with criteria that included the following: (1) receiving no kind of neo-adjuvant therapies, (2) non-metastatic disease, (3) undergoing R0 resection, and (4) containing detailed DFS information. The overall HR for DFS was 0.360 (95% CI: 0.174--0.744, p = 0.006). The HRs favored high RPMB levels across most of the subgroups in terms of DFS, except for tumor located at the fundus (HR = 1.090, 95% CI: 0.315--3.733, p = 0.892), pathological T4 tumors (HR = 1.137, 95% CI: 0.328--3.939, p = 0.840), and MSI-H (HR = 1.219, 95% CI: 0.171-8.662, p = 0.843). Although the sample size was comparatively limited, we were surprised to see that many subgroups were significantly associated with RPMB level in terms of DFS, including patients younger than 70 years of age (HR = 0.243, 95% CI: 0.090--0.653, p = 0.005), male (HR = 0.362, 95% CI: 0.162--0.811, p = 0.014), tumor located at antrum (HR = 0.128, 95% CI: 0.028--0.576, p = 0.007), intestinal histology (HR = 0.152, 95% CI: 0.045--0.516, p = 0.003), pathological T2--T3 (HR = 0.105, 95% CI: 0.031--0.359, p = 3.180 × 10^−4^), positive lymph nodes (HR = 0.313, 95% CI: 0.135--0.728, p = 0.007), microsatellite stable (MSS) (HR = 0.297, 95% CI: 0.125--0.704, p = 0.006), and no HP infection (HR = 0.391, 95% CI: 0.182--0.839, p = 0.016).Figure 2Forest Plots of OS and DFS in Patient Subgroups(A) Forest plots of OS. (B) Forest plots of DFS. HRs were estimated by an unstratified Cox model. Since the clinical data of TCGA database have many missing values, there were very limited numbers of patients in some subgroups. Subgroups containing fewer than 15 patients were excluded from subgroup analysis.

OS and DFS after R0 Resection {#sec2.4}
-----------------------------

Median follow-up time for TCGA GA patients was 15 months. The OS difference between higher and lower RPMB patients was determined using Kaplan-Meier survival analysis. There were 264 patients with local GA after R0 resection containing OS information, and the overall HR was 0.591 (95% CI: 0.332--1.051), while the OS difference between the two groups was not significant (p = 0.07, [Figure 3](#fig3){ref-type="fig"}A). We further chose 247 out of 264 patients with pathological tumor ≥T2. The HR for aggressive disease was 0.511 (95% CI: 0.284--0.911), and the OS of these patients was significantly associated with RPMB level (p = 0.022, [Figure 3](#fig3){ref-type="fig"}B). Additionally, the OS of patients younger than 70 years of age (n = 165) was also shown to be significantly related to different RPMB levels (HR = 0.397, 95% CI: 0.169--0.937, p = 0.029, [Figure 3](#fig3){ref-type="fig"}C). Moreover, a smaller p value was obtained with fewer patients (n = 159) in the survival analysis of the younger patients (\<70 years old) with ≥T2 tumor, suggesting the much stronger relationship between this subgroup of patients and RPMB level (HR = 0.363, 95% CI: 0.154--0.855, [Figure 3](#fig3){ref-type="fig"}D). The median OS for patients with lower RPMB was 4.96 years (95% CI: 3.55 to +∞ years) and median OS for those with higher RPMB had not been reached (95% CI: 4.62 to +∞ years).Figure 3Kaplan-Meier Estimates of Overall Survival after R0 Resection by RPMB Level(A) Kaplan-Meier analysis in the full analysis set. (B) Kaplan-Meier analysis in patients with pathological tumor ≥T2. (C) Kaplan-Meier analysis in patient with age \<70 years. (D) Kaplan-Meier analysis in patient with both age \<70 years and tumor ≥T2.

We further collected 145 patients with local disease after R0 resection containing DFS information. The results of Kaplan-Meier survival analysis indicated that patients with higher RPMB showed a significantly better benefit of DFS (HR = 0.360, 95% CI: 0.174--0.744, p = 0.004, [Figure 4](#fig4){ref-type="fig"}A). The unpaired t test demonstrated that the RPMB levels of patients who definitely recurred within 2 years (n = 33, median RPMB = 0.187) were significantly lower than those who recurred after 2 years (n = 112, median RPMB = 0.207, p = 0.005, [Figure 4](#fig4){ref-type="fig"}B).Figure 4Disease-free Survival Analysis after R0 Resection by RPMB Level(A) Kaplan-Meier analysis of disease-free survival after R0 resection. (B) RPMB level analysis between patients with DFS \<2 years and DFS ≥2 years.

DFS and OS after Adjuvant Radiotherapy {#sec2.5}
--------------------------------------

The radiotherapy and DFS information contained many missing values, and thus only 34 patients with local disease were found to have undergone adjuvant radiotherapy (more than 40 Gy) with no neo-adjuvant treatments ever received. Kaplan-Meier analysis showed that patients with a higher RPMB had a significantly better DFS (HR = 0.013, p = 0.042, [Figure 5](#fig5){ref-type="fig"}A). Patients with ≥T2 tumors showed a more significant DFS difference between different RPMB groups (HR = 6.25 × 10^−10^, n = 32, p = 0.017, [Figure 5](#fig5){ref-type="fig"}B). Additionally, a significant DFS difference was also observed in patients with positive lymph nodes (HR = 6.21 × 10^−10^, n = 28, p = 0.016, [Figure 5](#fig5){ref-type="fig"}C). We eventually collected 26 patients with ≥T2 tumor and positive lymph nodes as well. The higher RPMB group showed far superior DFS compared to the lower RPMB group, and there was no recurrence found within the high PRMB group (HR = 5.35 × 10^−10^, n = 26, p = 0.010, [Figure 5](#fig5){ref-type="fig"}D). The limited number of patients rendered calculating the 95% CI of HR impossible (only HR values were present), and this also made the subgroup analysis of patients \<70 years old impossible. Furthermore, survival analysis in terms of OS was further conducted in patients who received adjuvant radiotherapy after R0 resection. Although patients with higher RPMB showed a consistent trend of a benefit in aforementioned subgroups, the significant OS difference was not observed, probably due to the limited patient numbers ([Figure S1](#mmc1){ref-type="supplementary-material"}).Figure 5Kaplan-Meier Analysis of Disease-free Survival after Adjuvant Radiotherapy and R0 Resection by RPMB Level(A) Kaplan-Meier analysis of disease-free survival for overall patients. (B) Kaplan-Meier analysis of disease-free survival with pathological tumor ≥T2. (C) Kaplan-Meier analysis of disease-free survival with positive lymph nodes. (D) Kaplan-Meier analysis of disease-free survival with both pathological tumor ≥T2 and positive lymph nodes.

Discussion {#sec3}
==========

Adjuvant radiotherapy of GA has been under major debate in recent decades. Several milestone trials have been conducted in order to cope with this issue. Intergroup 0116 subset analyses implied robust treatment benefits in all subgroups observed except for patients with diffuse histology, although this trial was criticized primarily due to the suboptimum in surgical strategies (54% of patients underwent less than D1 lymphadenectomy).[@bib11] However, the ARTIST 2 trial from Korea firmly shut the door for adjuvant radiotherapy after D2 dissection in stage II/III GA patients, since no superiority was observed when compared with SOX chemotherapy alone. In general, most GA patients are actually at an advanced stage upon diagnosis, and the overall prognosis of advanced disease is suboptimal despite aggressive cancer treatment. Therefore, an effective biomarker is greatly needed to select proper patients who might obtain a prognostic benefit from adjuvant radiotherapy; unfortunately, however, there had been no such prognostic indicator ever found. In this study, RPMB was demonstrated to be a promising biomarker to fulfill this mission.

The intention to use RPMB as a GA biomarker was actually inspired by the remarkable prognostic value of one DNA repair gene, MGMT, in malignant glioma. More than two decades ago, a potential predictive value of MGMT protein levels was strikingly observed in malignant glioma determined through immunofluorescence microscopy.[@bib31]^,^[@bib32] The hypermethylation of MGMT was proven responsible for the decreased levels of MGMT protein. MGMT promoter methylation was also reported to be a prognostic biomarker for benefits from alkylator-based chemotherapy, such as nitrosoureas[@bib33] or temozolomide,[@bib34] in glioma. Furthermore, MGMT promoter methylation was actually shown to prolong progression-free survival specifically in patients treated with temozolomide and radiotherapy in two clinical trials.[@bib35]^,^[@bib36] The rationale of developing RPMB as predictor of adjuvant radiotherapy is as follows: (1) the theoretical foundation of radiation biology is to directly or indirectly compromise bioactive macromolecules, and DNA is the major target of radiotherapy. Inactivation of DNA repair genes through promoter hypermethylation might consolidate the DNA damaging biological effect of radiation, leading to a better prognosis of the patients. (2) The promoter methylation level of all of the DNA repair genes, rather than MGMT alone, might be a better measurement to predict the prognosis of radiotherapy. Therefore, we developed RPMB as a GA biomarker, with the primary intention to predict the prognosis of radiation therapy after R0 resection.

The promoter methylation level of DNA repair genes was significantly lower than the rest of genes, which could be referred to as a self-protecting maneuver to activate DNA repair genes, in order to "repair" the damages caused by a variety of cancer treatments, including radiotherapy and chemotherapy. This result increased our curiosity about the prognosis of the high-RPMB subgroup after radiotherapy. In this subgroup, the inactivation of DNA repair genes by virtue of a high RPMB level probably exposed tumor cells directly to the fierce attack of radiotherapy. In this manner, the tricky self-protecting maneuver was not in action in high-RPMB patients to keep cancer cells alive, probably leading to an encouraging clinical outcome after adjuvant radiotherapy.

Since endoscopy resection is also the standard treatment for patients with T1 tumor, we therefore conducted survival analysis in patients with ≥T2 tumors who underwent curative surgery. The comparatively shorter life expectancy and comorbidity of elderly patients might undermine the therapeutic response in high-RPMB patients and increase potential side effects of cancer treatments. The MOSAIC trial of colorectal cancer showed no statistically significant benefit (OS and DFS) for the addition of oxaliplatin to FL (fluorouracil with leucovorin) as adjuvant treatment for elderly patients ≥70 years of age, suggesting that the potent regimen of chemotherapy might not be proper for elderly patients.[@bib37] This trial, despite having been conducted on colorectal cancer, still provides a meaningful reference for the GA setting, since the regimen of oxaliplatin and fluorouracil is also the most commonly used combination in GA patients. Therefore, we carried out OS analysis in patients younger than 70 years old. The survival analysis indicated that patients with ≥T2 tumors and younger than 70 years old showed the most distinct prognoses between different RPMB groups, suggesting that patients with more aggressive disease and younger age could probably enhance the prognostic and predictive value of RPMB in the adjuvant clinical setting.

RPMB was not only associated with OS but it was also significantly associated with DFS after R0 resection, and DFS in patients with high RPMB was significantly longer than for those with low RPMB. We further explored the relationship between RPMB and the efficacy of adjuvant radiotherapy. The result indicated that the most distinct DFS curves were observed in patients with big tumor size and positive lymph nodes, and these two clinical characteristics were also proven to be the decision-making factors for subsequent radiotherapy after curative resection in the Intergroup 0116 trial, suggesting that the efficacy of adjuvant radiotherapy might be more notable in locally advanced disease, rather than in early stage disease. Although statistical significance was not achieved with respect to OS, the trend of the two curves separating from each other was quite obvious, implying that statistical significance might be reached after increasing the sample size. Based on the aforementioned analysis, the idea is very intriguing that RPMB might be a promising measurement to distinguish the patients who might be therapeutically responsive from the others after adjuvant radiotherapy.

The major limitation of this study is the limited patient numbers in subgroup analyses. TCGA clinical data contained many missing values, leading to limited patient numbers in some subgroups. For instance, only 34 patients were available for DFS analysis who underwent both R0 resection and adjuvant radiotherapy. Therefore, more patients are needed to increase the credibility of our conclusion. Second, to our knowledge, TCGA GA data were the only publically available dataset containing a global DNA methylation profile and survival information after adjuvant radiotherapy. Therefore, it is currently impossible to test the aforementioned results in independent cohorts, determine the exact β value threshold to categorize methylated or unmethylated promoters, or calculate the proper RPMB cutoff to identify ready-for-radiotherapy patients (only the median value was used as the cutoff). In the future, we will conduct a prospective study and enroll more patients to consolidate the validity of RPMB in predicting the prognosis after adjuvant radiotherapy, and determine the optimal two aforementioned cutoffs essential to quantify individual RPMB levels. Additionally, radiation oncologists should also consider the potential toxicities of adjuvant radiotherapy, which can certainly vary dramatically from patient to patient. The treatment volume for GA adjuvant therapy is relatively extensive, probably leading to serious radiation-related side effects. The best clinical management for GA patients should be individually tailored after balancing between both the potential risks and benefits.

Despite all of the shortcomings of this study due to limited available data, RPMB is the first genomic biomarker and indicator proven to be potentially effective in predicting clinical outcomes of postoperative adjuvant radiotherapy after curative radical surgery in GA patients. Hopefully, we can finally put an end to this intense debate lasting for decades after future thorough investigations on RPMB.

Materials and Methods {#sec4}
=====================

Data Retrieval {#sec4.1}
--------------

The methylation profile of GA patients and corresponding clinical information were obtained from the Bioconductor package RTCGA (<https://rtcga.github.io/RTCGA>). The methylation profile consisted of 397 GA tumor samples, generated from the platform of Illumina HumanMethylation450 chips. The flow diagram of inclusion and exclusion criteria is shown in [Figure S2](#mmc1){ref-type="supplementary-material"}. The methylation level of each CpG site was already properly processed as β value, which was defined as the ratio of the signal of the methylated probes relative to the sum of all the probes, ranging from 0 (unmethylated) to 1 (fully methylated). The promoter region of a given gene was defined as the genomic region between 1,000 bp upstream of the transcription start site (TSS) and 300 bp downstream. If the probe of a CpG site was mapped to a given gene's promoter region, its corresponding β value was adopted to quantify the promoter methylation of this gene. If multiple CpG sites were located within the same promoter region of a given gene, the mean value of their β values was defined as the methylation level of this gene. In this manner, the promoter methylation profile of 20,043 genes was obtained with DNA methylation data for GA.[@bib38]

DNA Repair Genes Collection and Their Methylation Level Compared With the Others {#sec4.2}
--------------------------------------------------------------------------------

DNA repair genes were downloaded from the GO (<http://geneontology.org>) term GO: 0006281. We obtained 450 DNA repair genes from the database, and 433 were found in our GA methylation data. We further compared the promoter methylation level of DNA repair genes with the others. First, 433 genes in the GA data, excluding 433 DNA repair genes, were randomly selected for 1,000 times, and then the promoter methylation level of 433 DNA repair genes was compared with each set of randomly selected genes using an unpaired t test. Second, we also compared the methylation level of DNA repair genes with those within other 10 GO terms, of which the biological processes play essential roles in carcinogenesis, including immune response (GO: 0006955), cell death (GO: 0008219), apoptotic process (GO: 0006915), angiogenesis (GO: 0001525), cell migration (GO: 0016477), cell development (GO: 0048468), morphogenesis (GO: 0000902), cell proliferation (GO: 0008283), secretion (GO: 0046903), and cell adhesion (GO: 0007155).

RPMB Calculation {#sec4.3}
----------------

The promoter methylation level of the 433 DNA repair genes was transformed into binary categories of "methylated" and "unmethylated," with the threshold of the median β value (0.119) across the whole methylation profile of all the GA patients (hypermethylated when the value was \>0.119, while hypomethylated when ≤0.0119). The RPMB for a patient was defined as the ratio of methylated DNA repair genes to the number of all of the DNA repair genes (n = 433).

Statistical Analysis {#sec4.4}
--------------------

All statistical analyses in this research were conducted with R programming project software (version 3.6.1) and Bioconductor (version 3.9). Bioconductor annotation package org.Hs.eg.db (version 2.8.0) was used for gene retrieval within different GO terms.[@bib39] In the analysis of baseline characteristics, patients were divided into two equal-sized groups according to the median value of RPMB, and baseline characteristic of the two groups were compared using χ^2^ or Fisher's exact tests for categorical variables ([Table 1](#tbl1){ref-type="table"}). Kaplan-Meier survival analysis was used to determine the OS difference between the two groups, which were also assigned based on the median value of RPMB, and a p value \<0.05 was regarded as significant. We further estimated the treatment effects separately within levels of the factors and presented the results in two forest plots (OS and DFS, respectively), in order to explore potential relationships between different RPMB levels and variables. In the analysis of each factor, the patients were also divided based on the median value of RPMB, and Cox regression analysis was conducted to calculate the corresponding HR and 95% CI. The forest plots were carried out with R package rmeta (version 3.0).
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